Este trabalho apresenta uma investigação teórico-experimental dos espectros infravermelho/ Raman de diversos metais representativos coordenados com 1,3-ditiol-2-tiona-4,5-ditiolato (dmit), a saber [NEt 4 2 ] were recorded from 4000 to 100 cm -1 . Two regions were clearly identified: below 380 cm -1 , the modes presented significant metal-ligand contributions, and above, the modes indicated major ligand contributions. IR/Raman spectra of NEt 4 Br have also been recorded. The vibrational bands have been assigned starting from the analysis of related compounds, of previous published spectra and compared to several ECPs (SBK, Stuttgart), basis sets (with and without functions d) and methodologies (RHF, MP2 and DFT). Geometries, frequencies and intensities were calculated and compared to the experimental frequencies seeking secure assignment. Thus, an excellent agreement was obtained for several experimental bands.
Introduction
The syntheses and properties of metal complexes with 1,2-dithiolato-polysulfido ligands have been intensely studied [1] [2] [3] particularly since the discovery, by Cassoux and co-workers 4 in 1986, of the first metallic molecular superconductor, [TTF] [Ni(dmit) 2 ] 2 , where dmit is the 1,3-dithiole-2-thione-4,5-dithiolate ligand. Presently dmit ligand complexes are the best studied.
The publication of Cassoux and co-workers 4 seminal paper led a new impetus for the study of the applications of metal dmit compounds as super-conducting complexes, materials with non-linear optical properties and materials for electronic molecular devices. Such properties arise in part, from the rich redox chemistry of these compounds and the large polarizability of sulfur atoms.
An additional important feature for the super-conducting property on metal bis(dmit) complexes, such as [TTF] [Ni(dmit) 2 ] 2 , is the planar geometry of the anions, species [e.g., Q = onium cation]. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] For instance, D 2d symmetry is present in Cu(II) and Zn(II) complexes, D 2h symmetry in Ni(II) complexes and C 2 symmetry for complexes of the Group 15 elements, Sb and Bi, in their trivalent oxidation state.
Despite the large volume of work on metal-dmit complexes, very few efforts have been devoted to the interpretation of their spectroscopic features. Actually most of the reported IR and Raman spectra have been used essentially for identification and characterization purposes. [18] [19] [20] [21] [22] [23] [24] A full vibrational assignment of the IR and Raman spectra for most of the metal-dmit complexes is now required to assess features of the charge-transfer process and the superconductivity properties. Therefore we are presently starting a careful analysis of IR and Raman spectra concerning fundamental vibrational assignment, overtones, combination bands, and extensive ab initio calculations of all such properties. Such information is considered to be essential in providing a clear understanding of properties such as local symmetry and the crystal environment, inter and intra-molecular charge-transfer processes and its correlation to the molecular and crystalline vibration spectra.
The main goal of the work now reported was to study the vibrational spectra of the representative metal bis(dmit) complexes, [ 2 ] has been previously reported; 24 however it suffered from sample decomposition in the laser beam.
The choice of bis(1,3-dithiole-2-thione-4,5-dithiolato)-zincate, -antimonate and -bismuthate complexes presents a very convenient probe for family behaviour study. All the crystal structures of these complexes are known, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] including those of the tetraethylammonium salts, a family showing an increasing degree of inter-anion interactions from the Zn to Bi complex. Therefore we could assess M-S inter-anion interactions in the solid state, by carefully comparing the gas-phase calculation to the solid-state bulk spectra of these systems. The [Zn(dmit) 2 ] -2 anions in complex salts [Q] 2 [Zn(dmit) 2 ] (Q = NEt 4 , NBu 4 , ferrocenyl-CH 2 NMe 3 , 1,4-Me 2 -pyridinium, PPh 4 and AsPh 4 ) [6] [7] [8] [9] in the solid state, invariably have distorted tetrahedral geometries, and four coordinate zinc centres, with no anionanion interactions apart for very weak S---S contacts close to its van der Waals radii sum. The distortion from an ideal zinc tetrahedral coordination is a consequence of the near 95 o bite angles of the chelating dmit ligands. Each dmit ligand is symmetrically coordinated, or nearly so, to zinc, with the Zn-S bond lengths for all compounds falling in the narrow range of 2.3285(8) to 2.3522(10)Å. While the cation, Q, has little or no effect on the zinc coordination geometry, the overall shape of the anion, and also the extent of the S---S contacts, do vary with Q.
The situation is different in the case of the anions in [10] [11] [12] or Bi [13] [14] [15] ): here there are metalsulfur inter-anion interactions, that raise the coordination number of the metal to 6, and that including the lone pair on the metal, provide highly distorted pseudo pentagonal bipyramidal geometries for Sb and Bi. While the cation, Q + , in each of the series, influences the anion arrangements and also the very weak S---S inter-anion interactions, the basic geometries about each of the two metals remain unaffected. The inter-anion M-S interactions, either with thiolato or thione S atoms, are considerably weaker than the intra-anion M-S bonds. As each of the dmit ligands is asymmetrically bound to the metal, three distinct regions of M-S bond lengths are found. For 
Ab initio calculations
All calculations here presented have been designed to explore vibrational assignment of synthesized inorganic materials. Therefore the qualities sought in the calculations 953 Vibrational Spectra of Bis(dmit) Complexes of Main Group Metals Vol. 15, No. 6, 2004 are robustness, reliability, facility to use, and economical, i.e., it must be executed on personal computers presently available. Therefore, it should employ ECPs with doublezeta basis function set easily available with RHF, DFT or, at most, MP2 methodologies.
Previous experiences showed that minimal basis provide unreliable frequencies and assignments while triple-zeta plus polarization led to intense geometry corrections but minor frequency switches when compared to our results. Considering the excessive costs and minor modifications we shall explore a compact easy-to-use ECP + double-zeta + polarization scheme along this work.
The calculations employed the programs GAMESS R5 25 on a Red Hat 7.3 Linux cluster and the Gaussian 98 26 on a Window platform. The 6-31G basis set was employed for all elements except the central metallic atom. This basis set was chosen due to our previous experience with this basis set in several vibrational studies carried out in this group. 33, 34 This experience shows most frequencies regularly scaled by a factor of 0.8953. 33 For the central metal atom, different basis set were tested. In the SBK calculation, the compact effective pseudopotential of Stevens et al. 27 with double-zeta basis set was employed for the metal atom. We also applied this basis set extended with metal d functions (SBKd). In the Stuttgart 28 pseudopotential/basis set, the electron core potential (ECP) from Stuttgart University was used.
Three alternative methods were studied: restricted Hartree-Fock calculations (RHF), Moller-Plessett perturbation theory of second order (MP2), and the functional density theory (DFT-B3LYP) by employing the B3 potential for the coulomb and LYP for the exchange correlation term. All calculations started with SCF convergence, geometry optimisation and after obtaining a stable minimum, the frequencies were calculated. This minimum was accepted as long as no imaginary molecular frequencies were detected. Once the normal modes were obtained, the IR and Raman intensities were evaluated. All modes were visually characterized through the graphical MOLDEN 3.7 and Molekel programs. 29, 30 These calculations provide qualitative and quantitative consistent results for each of the three complexes. For this reason, only tables and figures related to the SBKd ECP/ basis set will be presented. However, whenever a significant difference is observed between the different ECPs, this will be indicated in the text.
Vibrational spectra
The infrared spectra, from 4000 to 150 cm -1 , were recorded in CsI pellets using a Nicolet Magna-IR 760 Raman spectra were obtained as powder in glass capillaries on a Nicolet FT Raman 950 spectrophotometer. The spectra were recorded at room temperature with a germanium detector, maintained at liquid nitrogen temperature and using 1064.0 nm radiation, generated by a Nd-YAG laser with a resolution of 2 cm -1 . The samples were exposed to an average of 500 to 800 mW of laser intensity during the spectral recording.
Results

[Zn(dmit) 2 ] -2 geometry optimization
The [Zn(dmit) 2 ] -2 anion, of D 2d symmetry, has the highest symmetry found among the studied anions. The absence of significant interactions with neighbour dmit units should result in reduced environment effects in the IR and Raman spectra. Figure 1 presents the [Zn(dmit) 2 ] -2 optimized structure and its atomic numbering scheme. Table 1 lists the main geometrical parameters obtained from the geometry optimization with the basis SBKd at RHF, DFT and MP2 level: no significant differences were found between the gas phase calculated values and those obtained in the crystal structure determination. Calculated parameters using the Stuttgart effective core potential were similar and hence are not displayed here. As the ligands share the same basis sets, any difference between these calculation procedures will result from the metal ECP and its basis set. Zn(II) has a filled d shell and provides its unoccupied 4s and 4p orbitals for binding to the ligands. Therefore the most important electrons in the Zn-S bonding must arise from the ligands.
Calculations using the MP2 methodology provide Zn-S bond lengths closest to those determined experimentally. Furthermore, intra-ligand bond lengths increase and the Zn-S bond length decrease in going from the RHF to the MP2 and DFT calculations. This might be an indication that the main correlation energy process is related to the electronic delocalization from the dmit ligands toward the central metallic atom. 24 Unfortunately, the complex decomposed in the laser beam with a 10 to 800 mW output and the use of an indiumgallium-arsenic (InGaAs) detector only led to a low resolution spectrum. In our work, the use of a germanium detector and a lower laser intensity lead to a higher resolution spectrum, without decomposition. , two very intense bands at 1059 and 1039 cm -1 were assigned as C=S terminal stretching. These bands are generally used to confirm the presence of dmit ligands in complexes. 7, 8 Other assignments are: bands at 995 and 887 cm -1 to C-S stretches, the low intensity band at 524 cm -1 , a breathing mode of the heterocycle dmit complex, and the bands below 500 cm -1 , to angular deformation and Zn-S stretching modes.
Similar bands are found between 500 and 140 cm -1 in both the IR and the Raman spectra, e.g., the band at 524/ 525 cm -1 , that is probably related to an E vibrational band. An intense band at 461 cm -1 with a low intensity shoulder at 450 cm -1 in the infrared spectrum corresponds to the single band at 465 cm -1 in the Raman spectrum. At 388 cm -1 (IR) and at 390 cm -1 (Raman), low intensity bands were observed. A band is observed at 349 cm -1 in the Raman spectrum. A central band is observed at 314 cm -1 in the IR spectrum, with shoulders at 322, 306 and 300 cm 
[Zn(dmit) 2 ] -2 frequency calculations
Calculations have employed two different basis sets and ECPs (SBKd and Stuttgart) and three different methodological levels (RHF, DFT and MP2) for the vibration spectra calculation. Intensities were calculated for the infrared and Raman spectra. All frequencies showed real modes as expected for an equilibrium geometry. The results are presented on Table 2 , where the following conventions should apply over all article: ν = stretching mode, σ = scissoring mode, τ = twisting mode, ω = wagging mode, ρ = rocking mode, φ = torsion, χ = out of plane.
The most noticeable observation concerns the constancy of the results with the different calculation methods. Even in the low frequency vibrational modes related to the Zn-S stretching frequencies, the order and intensity of bands do not change either with the basis sets or with the methods. As expected, RHF calculated frequencies are greater than found experimentally, but with scaling factors smaller than those reported in the literature for most vibrations. 33, 34 An exception is the C=C stretching frequency which was calculated to be 20% greater. For the low frequency modes, the results are remarkable, with most vibrations showing differences less than 1% of the experimental results. DFT and MP2 calculations overestimated most of the stretching vibrations, as expected, however in these cases the error was less than 7% for the DFT-B3LYP and 3% for the MP2 method. Other frequencies showed a slight tendency to be under estimated.
It is remarkable that for all calculations, the same ordering of the vibrational modes was obtained, with the exceptions for the angular deformation ω(SC t S) out-ofplane at 515 cm -1 in the RHF and 445 cm -1 in the MP2 calculation and in the case of χ(SC=CS) out-of-plane in the C=C bond at 306 cm -1 in the RHF calculation. Such consistent ordering allowed the assignments of several bands not previously mentioned in the literature. Among these are the Zn-S stretching modes at 314 and 306 cm -1 , the Zn-S stretching coupled to the σ(SC=S) bending at 248 cm -1 and the dmit bending around the zinc coordination at 195 and 158 cm -1 , where the first mode was clearly assigned as asymmetric bending. Modes between 350 and 320 cm -1 were readily assigned to the ligand in-plane bending with a small metal participation. A mode of medium intensity, not previously assigned, was the dmit ring SC t S bend at 461 cm -1 , an useful mode for the dmit ring identification.
Between 1100 and 990 cm -1 , the experimental spectra show three intense bands assigned as C=S stretching modes. However, theoretical calculations show a pair of a 1 / b 2 bands at 1057/1055 cm -1 and a pair of degenerate e bands at 1038 cm -1 at RHF infrared spectrum. According to previous studies, 24 the assignment of these bands is not an easy task. A tentative assignment defines these three bands at 1059, 1039 and 995 cm -1 as C=S stretch, C-S stretch and SC t S angular deformation and an overtone of C-S stretch, respectively. 24 Other possibility would be the first as C=S stretch combined with SCS angular deformation, the second would be C=S and C-S stretch combined to the ring deformation, leaving the last unassigned. 24 Another possibility would consider crystalline network splitting of the e modes, not previously mentioned.
In order to explore the problem we recorded the infrared spectra in dichloromethane solution, which showed three bands with similar wavenumbers, with the central (1039 cm -1 ) being the most intense. The presence of similar bands in solution discards any suggestion of crystalline net effect in this multiplet. Therefore, we assign this band as an asymmetrical C=S stretching while the other bands were assigned as symmetrical C=S stretching and the e C-S stretching modes. This assignment is consistent with a related unpublished work where we synthesized the corresponding dmio complex (C=S changes to C=O), observing that bands at 1039/1059 cm -1 disappear. Therefore, based on intensity arguments, our final conclusion points to an symmetrical C=S stretching at Figure 4 represents the optimised structure of the [Sb(dmit) 2 ] -1 and its atomic numbering scheme, while Table 3 lists the structural data obtained from the SBKd calculation using the three methods. All of which provided similar results, except for the dihedral angle SbSCC that presented a difference among the DFT method in comparison with the RHF and MP2 methods. The calculated optimised C 2 gas phase structure is just the same as that found in the solid state, ignoring the inter-anionic Sb-S interactions: the gas-phase calculated and experimental solid state intra-atomic distances differed by less than 6%. 6, 2004 The results between the three basis functions do not exhibit significant variations as also found for the zincate complex discussed earlier, an indication that polarization functions do not play a qualitative role in this geometry calculation. Analysing the differences between the several calculations methods, it is noticeable that the RHF method provided the closest match to the experimental values, similarly as observed for the dmit zinc complex. The description of the correlation energy through the DFT or MP2 methods showed an increase on the Sb-S bonds.
[Sb(dmit) 2 ] -1 experimental frequencies
The molecular cartesian displacement reducible representation for C 2 symmetry leads to the following genuine vibration space composition: Γ Vibration = 23A + 22B. All 45 expected vibrational modes are both infrared and Raman active.
We 2 ], have been used to confirm the presence of the dmit group in such complexes. [10] [11] [12] The bands at 993, 895 and 881 cm -1 are assigned as C-S stretches. At 524 cm -1 , the breathing mode of the dmit ligant was observed.
It should be pointed out that no assignment of vibrational frequencies below 500 cm -1 has been previously made, even though a list of IR spectral bands was presented in a recent article. 10 The infrared spectrum between 500 and 140 cm -1 , showed eleven main bands, while the Raman presented just nine bands. Between 470 and 440 cm -1 in the infrared and Raman spectra, two bands are observed, an intense band at 461 cm -1 and a low intensity band at 445 cm -1 . A low intensity band at 386 cm -1 is present in the IR spectrum, but not in the Raman spectrum. There are three bands at 351, 336 and 328 cm -1 in the infrared spectrum: of these, the first two are Raman active as well. Between 300 and 260 cm -1 , three infrared active bands were observed at 295, 283 and 274 cm -1 , of these the first and the last were also Raman active. The peak in the IR spectrum at 220 cm -1 and the shoulder at 226 cm -1 are matched in the Raman spectra by two distinct bands at 231 and 222 cm -1 . At 150 cm -1 , in the infrared and at 158 cm -1 on the Raman spectra a very intense band was observed.
Several low intensity bands have been assigned in this work as overtones and combination bands. Between 2100 and 1700 cm -1 , not previously reported in the literature, we assign the bands at 2044, 1969 and 1757 cm - as expected for an equilibrium geometry. The frequencies and the corresponding intensities are shown in Table 4 . As observed for the zinc complex, only minor differences between the various basis sets and the metallic ECP used were detected. Larger variations were observed between the different computational methods/electron correlation descriptions. For instance, the RHF results shown in Table  4 , clearly overestimated all frequencies, with the largest difference found for the C=C stretch (20%). Below 500 cm -1 , most of the calculated frequencies were overestimated between 5 and 10%. In the DFT and MP2 calculations, all deviations were found to be smaller, e.g., deviations for the C=C stretch were 8% and 5% from DFT-B3LYP and MP2 methods respectively. For the other modes above 300 cm -1 , most were overestimated between 1 to 10%. However below 300 cm -1 , much better agreement with experimental results were obtained, with discrepancies between 1 and 3%. Remarkable is the prefect match between the frequency ordering found among all calculations carried out and the experimental results. Two exceptions, also observed for the zinc-dmit complex, should be pointed: w(SC t S) out-of-plane bending between 450 and 430 cm The calculations confirmed the assignments previously reported in the literature. 10 The C=C, C=S and C-S stretches were recognized at 1435, 1028 and 881 cm -1 , respectively. The bands at 522 and 463 cm -1 were assigned as breathing mode from the dmit ring and SC t S bending mode, respectively. Between 360 and 300 cm -1 , a series of bands was assigned as S a C e S m bending mode slightly coupled to the Sb-S stretching mode. The bands at 295 and 283 cm -1 were assigned as symmetrical and asymmetrical Sb-S stretches coupled to C=C out-of-plane twisting and SC=S in-the-plane bending. These modes were assigned from their symmetry and spectroscopic activity. While the symmetric stretch is Raman-active, the asymmetrical stretch occurs in the infrared. The band at 274 cm -1 arises from the C=C out-of-plane. The band at 222 cm -1 results from the Sb-S stretching coupled to the S=C t S bending. Finally the 150 cm -1 band was assigned as the fivemembers-ring deformation formed by the metal coordination to the thiolate sulfur.
[Bi(dmit) 2 Table 5 lists the results for the geometry optimization carried out with the SBKd basis set and ECP pseudopotential. As previously mentioned for the zinc and antimony systems, only minor differences have been found between the calculations using the main geometrical optimized parameters with other basis sets and ECP. Therefore these results will be not presented. Similarly as found for zinc and antimony, most of the calculated geometrical parameters for the isolated anion in the gas phase showed small differences compared to those obtained in the X-ray diffraction study: differences were less than 6% for bond lengths and 10% for the angle between the ligand planes and the dihedral angle, BiSCC. This last angle difference is considered to result from the strong inter-anionic interactions occurring in the crystalline environment, and which were neglected in the gas phase calculations. As previously noted, the RHF method provided the best match to the experimental geometrical parameters. The correlation energy description through DFT and MP2 methods improved the Bi-S bond lengths in 2 ], from 4000 to 120 cm -1 , are shown in Figures 7 and 8 .
The intense band at 1421 cm -1 was assigned to the C=C stretch.
14 Two other very strong bands, 1057 and 1022 cm -1 , have been assigned as symmetrical and asymmetric C=S stretches. A band at 883 cm -1 and a shoulder at 997 cm -1 were assigned as C-S stretches. At 534 and 518 cm -1 , two other bands have been assigned as dmit ring breathing modes.
Six high intensity bands occur in the infrared spectrum between 500 and 140 cm -1 , while seven high intensity bands were detected in the Raman spectrum. In the region from 470 to 440 cm -1 , in both the infrared and Raman spectra, an intense band at 463 cm -1 and a shoulder at 447 cm -1 are found. Following these bands, a central and more intense band at 386 cm -1 and two weak bands at 397 and 376 cm -1 are observed. In the Raman spectrum a single band was identified at 389 cm -1 . Three bands were observed at 350, 331 and 328 cm -1 in the infrared spectrum, but only the first was actually observed in Raman spectrum. Between 320 and 300 cm -1 , a shoulder at 310 cm -1 and a band at 302 cm -1 are observed in infrared spectrum. In the Raman spectrum, the main band in this region was observed at 310 cm -1 with a shoulder at 302 cm -1 . At 279 cm -1 in the infrared spectrum a band was observed, while the Raman band in this region was found at 283 cm -1 with a low intensity. In the region between 260 and 240 cm -1 , two bands at 252 and 247 cm -1 were observed in the infrared, while in the Raman spectrum just one band was observed at 249 cm -1 . Between 230 and 180 cm -1 , several low intensity bands were observed in the infrared and Raman. At 134 cm -1 in the Raman spectrum, a single intense band was observed, assigned as the five-members-ring deformation formed by the metal coordination to the thiolate sulfur. This band has been found to have a linear dependency with the mass of the M-S bond along the bis(dmit) complex of zinc, antimony and bismuth. The region from 2100 to 1700 cm -1 was investigated for overtones and combination bands. The bands at 2081 and 1880 cm -1 , might be interpreted as combination of the -1 was carried out. All frequencies showed real modes. The frequencies and the corresponding intensities are shown in Table 6 . As observed previously, only minor differences between the various basis sets/metal ECPs were detected. The results followed trends similar to the ones previously discussed in the zinc and antimony cases.
Conclusions
This work reports a combined theoretical-experimental investigation of the infrared and Raman vibrational spectra of three metal complexes with the 1,3-dithiole-2-thione- Calculations carried out with several basis set and ECP potentials generated very similar results among them, as well as to the X-ray diffraction experimental results. Actually only minor differences were pointed in the text. The authors, however, claim this should not be considered a general conclusion for other metals and complexes. The metal-ligand character of dmit-complexes might be an important part of this observed behaviour. For other metal complexes and metal clusters molecular systems an additional study must be carried out. Within this possibility we still expect that the ECP and basis set choice should have an important role in the quality of the results. Major differences have been observed however with the use of different methodologies. RHF showed the worst results while DFT and MP2 calculations presented equivalent quality.
Starting from the observation of the spectra in solution of the [NEt 4 ] 2 [Zn(dmit) 2 ], C=S symmetrical and asymmetrical stretching modes were defined more clearly than in the solid state, becoming easily distinguishable and coherent with the present theoretical observations in 1059 and 1039 cm -1 . Most of the spectral data exhibit a spectrum composed of isolated fundamental bands for the systems without a strong M-S inter-molecular interaction. Within this pattern very few overtones, combinations bands and crystalline lattice vibrations have been observed in the spectra of the dmit-metal complexes. For the zinc complex, independently of the cation size, a similar spectrum was observed. On the other hand, for the dmit compounds where strong M-S inter-molecular interactions are present, significant deviations are observed, depending on the cation size and crystalline environment. The most clarifying example was found for the tetraethylammonium bismuth dmit complex for which a large difference among the BiSCC dihedral angle (20/25 degrees) was found between calculated and experimental results. Similarly significant overtones, combinations bands and crystalline effects appear in the spectrum. Although present on bismuth, for the antimony complex, whose is the same but with weaker M-S inter-molecular interactions, the spectra showed a simple fundamental behaviour. 
Supplementary Material
Results
Tetraethylammonium bromide NEt 4 Br
The infrared and Raman spectra of NEt 4 Br were obtained and a complete assignment of all the vibrations associated with the cation was made, aided by ab initio calculations.
[ The infrared and Raman spectra of several tetraethylammonium salts have been reported. 31, 32 Figures 2 and 3 show the infrared and Raman spectra of tetraethylammonium bromide, respectively. According to Hooper and James, 31 the modes at 2999 and 2983 cm -1 in the infrared spectrum are assigned as asymmetric stretches, within CH 3 and CH 2 respectively, while the bands at 2970 and 2944 cm -1 in the Raman spectrum are symmetrical CH 3 and CH 2 stretches, respectively. Bands between 2960 In the region below 1100 cm -1 , many C-N and C-C stretching modes are present. Low intensity bands at 1071 and 1050 cm -1 have been assigned as C-C asymmetrical stretching. A shoulder at 1030 cm -1 has been assigned as an asymmetric C-N stretch, while the intense band present at 1009 cm -1 in the infrared spectrum is assigned as a CH 3 rocking mode. Two low intensity bands at 910 and 898 cm -1 have been considered C-C symmetric stretching, while the bands at 802 and 789 cm -1 have been assigned as rocking of the CH 2 group. The Raman active band at 679 cm -1 was considered by Hooper and James as the C-N characteristic symmetric stretching mode. In the low wavenumber region of the spectra, the few low intensity bands have been assigned to the deformation of the CCN frame. Only in the Raman spectrum was observed an intense mode at 422 cm -1 .
The 476, 421 and 390 cm -1 bands in the infrared spectrum have been assigned to the asymmetric CNC, CCN and symmetric CNC vibrational modes. Hooper and James no inform about the presence of bands below 390 cm -1 .
[NEt 4 ] + frequency calculations
Frequencies and intensities were calculated for the infrared and Raman spectra. All frequencies showed real modes, as expected for an equilibrium geometry. The proposed assignments, based on ab initio calculations for all 81 vibrational modes present in NEt 4 Br, is found on Table 2 , with the previous conventions adopted.
For this molecule we employed RHF, DFT and MP2 methods with a single basis set to check the identification of the IR/Raman cationic bands in the spectra of the complex salts. 33, 34 The most significant bands of [NEt 4 ] + were observed from 3000 to 2900 cm -1 , from 1500 to 1100 cm 
